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Period for Reply 
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If approved, connected drawings are required in reply to this Office action. 

12) 0 The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C, §§119 and 120 

13) 13 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)ElAII b)n Some*c)n None of: 
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DETAILED ACTION 



In the response to the restriction requirement, applicant's representative correctly 
indicated that claims 1-30 were cancelled and newly claims 31-60 were added by a 
preliminary amendment. Upon reviewing the file of the application, such preliminary 
amendment, filed on February 15, 2001, was found and entered, and therefore, claims 
31-60 are now pending in the application. Furthermore, as correctly pointed out by the 
applicant's representative, the newly added claims are restrictable in the same way as 
the originally filed claims, 

Election/Restrictions 

Applicant's election with traverse of group II in Paper No. 6 is acknowledged. 
The traversal is on the ground(s) that according to PCT rules, a process and an 
apparatus specifically defined for carrying out the process are required to be examined 
together. This is not found persuasive because they do not relate to a single general 
inventive concept and lack the same or corresponding special technical features and 
therefore are restrictable as pointed out by the examiner in the restriction requirement 
mailed 4-24-02. 

The requirement is still deemed proper and is therefore made FINAL. 

Furthermore, it should be noted that although there is nothing improper per se 
about having claim 42 depending from claim 31 , if claim 31 which is non-elected is later 
canceled it will then be improper. It is strongly advised that claim 42 be rewritten in 
independent form so the claim can stand by itself. 
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Claim Rejections - 35 USC §112 



The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 45 and 47-59 are rejected under 35 U.S.C. 1 1 2, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

A broad range or limitation together with a narrow range or limitation that falls 
within the broad range or limitation (in the same claim) is considered indefinite, since 
the resulting claim does not clearly set forth the metes and bounds of the patent 
protection desired. Note the explanation given by the Board of Patent Appeals and 
Interferences in Ex parte Wu, 10 USPQ2d 2031, 2033 (Bd. Pat. App. & Inter. 1989), as 
to where broad language is followed by "such as" and then narrow language. The 
Board stated that this can render a claim indefinite by raisi ng a question or doubt as to 
whether the feature introduced by such language is (a) merely exemplary of the 
remainder of the claim, and therefore not required, or (b) a required feature of the 
claims. Note also, for example, the decisions of Ex parte Steigewald, 131 USPQ 74 
(Bd. App. 1961); Ex parte Hall, 83 USPQ 38 (Bd. App. 1948); and Ex parte Hasche, 86 
USPQ 481 (Bd. App. 1949). In the present instance, claim 45-line 4, claim 47-line 2, 
claim 50-line 2, claim 51-line 3, claim 52-line 3, and claim 53-lines 2 and 4, recite broad 
recitations, and each of the claims also recite narrower statements of the 
range/limitation, thus rendering the claims indefinite. 
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Art Unit: 1763 

Claim 54 recites the limitation "the pulsing of the magnetic field" in line 3. There 
is insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale In this country, more than one year prior to the date of application for patent in the United 



(e) the invention was described in (1 ) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

Claims 42-43, 47, and 50 are rejected under 35 USC 102(b) as being anticipated 
by Kadomura, U.S. Patent 5,662,819. 

Kadomura shows the invention as claimed including including a method for 
etching a silicon body substrate using an inductively coupled plasma comprising: an 
ICP source 66 for generating a radio-frequency electromagnetic alternating field, a 
reactor (51,57) for generating the inductively coupled plasma from reactive particles by 
the action of the radio-frequency electromagnetic alternating field on a reactive gas, and 
a first means for generating plasma power pulses (see abstract) to be injected into the 
inductively coupled plasma by the ICP source, the method comprising the step of 
injecting a pulsed radio-frequency power into the inductively coupled plasma as a 
pulsed plasma power (see figs. 4-6 and their description). 
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With respect to claim 43, the pulsed plasma power is injected via an ICP source 
to which a radio-frequency electromagnetic alternating field having a constant frequency 
is applied around a stationary frequency. 

Concerning claim 47, Kadomura discloses generating a pulsed magnetic field, 
the direction of which is at least approximately or predominantly parallel to a direction 
defined by the connecting line of the substrate and the inductively coupled plasma. 

Regarding claim 50, a pulsed radio frequency power is applied to the substrate 
via a substrate voltage generator. 

Claims 42-43, 50, 54, and 57 are rejected under 35 (JSC 102(b) as being 
anticipated by Savas, WO 97/14177. 

Savas shows the invention as claimed including a method for etching a silicon 
body substrate using an inductively coupled plasma comprising: an ICP source (150a, 
150b) for generating a radio-frequency electromagnetic alternating field, a reactor 100 
for generating the inductively coupled plasma from reactive particles by the action of the 
radio-frequency electromagnetic alternating field on a reactive gas, and a first means for 
generating plasma power pulses to be injected into the inductively coupled plasma by 
the ICP source, the method comprising the step of injecting a pulsed radio-frequency 
power into the inductively coupled plasma as a pulsed plasma power (see fig. 1 and 
page 6, line 10 to page 13, line 19). 
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With respect to claim 43, the pulsed plasma power is injected via an ICP source 
to which a radio-frequency electromagnetic alternating field having a constant frequency 
is applied around a stationary frequency. 

Concerning claim 50, the pulsed radio frequency power 152 is applied to the 
substrate via a substrate voltage generator. 

With respect to claims 54 and 57, note that a frequency of 13.56 MHz is used 
and the pulse to pause ratio of the injected radio-frequency pulses is at least greater 
than 1:1, and the pulses are applied simultaneously (see page 9, lines 1 -28). 

Claims 42-43, 50, 54, and 56-58 are rejected under 35 USC 102(e) as being 
anticipated by Koshimizu, U.S. Patent 5,935,373. 

Koshimizu shows the invention as claimed including a method for etching a 
silicon body substrate using an inductively coupled plasma comprising: an ICP source 
118 for generating a radio-frequency electromagnetic alternating field, a reactor 102 for 
generating the inductively coupled plasma from reactive particles by the action of the 
radio-frequency electromagnetic alternating field on a reactive gas, and a first means for 
generating plasma power pulses 154 to be injected into the inductively coupled plasma 
by the ICP source, the method comprising the step of injecting a pulsed radio-frequency 
power into the inductively coupled plasma as a pulsed plasma power (see figs. 1-3B 
and their description). 

With respect to claim 43, the pulsed plasma power is injected via an ICP source 
to which a radio-frequency electromagnetic alternating field having a constant frequency 
is applied around a stationary frequency. 
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Regarding claim 50, a pulsed radio frequency power is applied to the substrate 
via a substrate voltage generator. 

Concerning claim 54, the pulsing of the injected plasma power and the pulsing of 
the radio-frequency power injected into the substrate via the substrate voltage generator 
are time-correlated or synchronized with each other. 

Furthermore, with respect to claims 56-58, the correlation takes place so that 
during a portion of the time in which the power pulse of the ICP generator is switched 
on, the radio-frequency power injected to the substrate is switched off, and the 
correlation also takes place so that during a portion of the time in which the radio- 
frequency power pulse is injected to the substrate, the power injected to the ICP 
generator is switched off. Additionally, during another portion of the time the power 
pulse to the ICP generator or the RF power injected to the substrate is turned on, the 
RF power and ICP generator, respectively, are also on. Also, the radio frequency 
power applied to the substrate can be generated during a power rise of a radio 
frequency power pulse injected into the plasma via the ICP coil generator. 



The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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This application currently nannes joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 1 03(a). 

Claims 44-45 and 48-49 are rejected under 35 USC 103 as being obvious over 
Kadomura, U.S. Patent 5,662,819. 

Kadomura is applied as above but fails to expressly disclose 1) wherein the 
pulsed radio-frequency power is generated with an ICP coil generator which is pulse- 
operated with a frequency of 10 Hz to 1 MHz and pulse to pause ratio of 1 :1 to 1 :100 2) 
wherein a plasma power of 300 watts to 5000 watts on the time average is injected into 
the inductively coupled plasma and that the generated individual pulse powers of the 
radio-frequency power pulses are between 300 watts and 20 kilowatts 3) wherein the 
magnetic field is generated in such a way that it extends into the area of the substrate 
and the inductively coupled plasma and has a field strength amplitude of between 
lOMTesIa and lOOmTesIa in the interior of the reactor, and 4) wherein a magnetic field 
pulsed at a frequency of 10Hz to 20kHz is generated via the power supply unit, the 
pulse to pause ratio when the magnetic field is pulsed being between 1 :1 and 1 :100. 
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With respect to processing parameters such as the particular pulse length, 
power, and frequency of the RF waves as well as parameters of the magnetic field, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to determine through routine experimentation the optimum values of these 
parameters based upon a variety of factors including the desired strength of the plasma, 
and would not lend patentability to the instant application absent the showing of 
unexpected results. 

Claim 46 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kadomura, U.S. Patent 5,662,819 in view of Koshimizu, U.S. Patent 5,997,687. 

Kadomura is applied as above but fails to expressly disclose wherein the pulsing 
of the radio-frequency power is accompanied by a change of the frequency of the 
injected radio-frequency power, the frequency change being controlled in such a way 
that the plasma power injected into the inductively coupled plasma during the pulsing is 
maximized. Koshimizu discloses shifting the frequency higher during pulse plasma 
processing to enhance the ignition of the plasma (see abstract). In view of this 
disclosure, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the process of Kadomura so as to shift the frequency of 
the pulses higher as suggested by Koshimizu in order to improve the ignition of the 
plasma. 
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Claim 60 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kadomura, U.S. Patent 5,662,819 in view of Laermer et al., U.S. Patent 5,501 ,893. 

Kadomura is applied as above but fails to expressly disclose wherein the etching 
takes place in alternating etching and passivation steps at a process pressure of 5 
microbars to 100 microbars. Laermer et al. discloses performing alternating etching and 
passivation steps at a process pressure of 10 to 100 microbars (see fig. 1 and col. 4-line 
23 to col. 5-line 65). In view of this disclosure, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to modify the process of 
Kadomura so as to perform the etching process of Laermer et aL because this is a 
suitable process to be performed in a plasma etching apparatus. 

Claims 44-45, 51-53, 56, and 58-59 are rejected under 35 USC 103(a) as being 
unpatentable over Savas, WO 97/14177. 

Savas is applied as above but fails to expressly disclose 1) wherein the pulsed 
radio-frequency power is generated with an ICP coil generator which is pulse-operated 
with a frequency of 10 Hz to 1 MHz and pulse to pause ratio of 1 :1 to 1 :100 2) wherein a 
plasma power of 300 watts to 5000 watts on the time average is injected into the 
inductively coupled plasma and that the generated individual pulse powers of the radio- 
frequency power pulses are between 300 watts and 20 kilowatts 3) wherein the pulse 
duration of the radio-frequency power injected into the substrate is between one to one 
hundred times, one to ten times in particular, the period of oscillation of the high- 
frequency fundamental component of the radio-frequency power 4) wherein the radio- 
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frequency power applies a tinne-average power of 5 watts to 100 watts to the substrate, 
the nnaximum power of an individual radio-frequency power pulse being one to twenty 
tinnes, the tinne average power 5) wherein the correlation takes place in such a way that 
during a radio-frequency power pulse of the ICP generator, the radio-frequency power 
injected into the substrate via the substrate voltage generator is switched off and/or that 
during a radio frequency power pulse injected into the substrate via the substrate 
voltage generator, the radio-frequency power injected via the ICP coil generator is 
switched off 6) where both limitations 4 and 5 occur and 7) where the radio frequency 
injected into the substrate is generated during a power rise or power drop of a radio 
frequency power pulse injected into the plasma via the ICP coil. 

With respect to processing parameters such as the particular pulse length, 
power, and frequency of the RF waves as well as the synchronization between the 
antenna and substrate pulses, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to determine through routine experimentation the 
optimum values of these parameters based upon a variety of factors including the 
desired strength of the plasma, and would not lend patentability to the instant 
application absent the showing of unexpected results. 

Claim 46 is rejected under 35 USC 103(a) as being unpatentable over Savas, 
WO 97/14177 in view of Koshimizu, U.S. Patent 5,997,687. 

Savas is applied as above but fails to expressly disclose wherein the pulsing of 
the radio-frequency power is accompanied by a change of the frequency of the injected 
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radio-frequency power, the frequency change being controlled in such a way that the 
plasnna power injected into the inductively coupled plasma during the pulsing is 
maximized. Koshimizu discloses shifting the frequency higher during pulse plasma 
processing to enhance the ignition of the plasma (see abstract). In view of this 
disclosure, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the process of Savas so as to shift the frequency of the 
pulses higher as suggested by Koshimizu in order to improve the ignition of the plasma. 

Claim 60 is rejected under 35 USC 103(a) as being unpatentable over Savas, 
WO 97/14177 in view of Laermer et al., U.S. Patent 5,501 ,893. 

Savas is applied as above but fails to expressly disclose wherein the etching 
takes place in alternating etching and passivation steps at a process pressure of 5 
microbars to 100 microbars. Laermer et al. discloses performing alternating etching and 
passivation steps at a process pressure of 10 to 100 microbars (see fig. 1 and col. 4-line 
23 to col. 5-line 65). In view of this disclosure, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to modify the process of 
Savas so as to perform the etching process of Laermer et al. because this is a suitable 
process to be performed in a plasma etching apparatus. 



Claims 47-49 and 55 are rejected under 35 USC 103(a) as being unpatentable 
over Savas, WO 97/14177 in view of Lymberopoulos et al., U.S. Patent 6,085,688. 
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Savas is applied as above but fails to expressly disclose a pulsed magnetic field 
and the parameters of the magnetic field as claimed along with the applying the 
magnetic field first, before a radio frequency power pulse of the ICP generator, and the 
magnetic field is switched off again after the decay of the radio-frequency power pulse. 

Lymberopoulos et al. discloses applying a pulsed magnetic field in an area of the 
substrate and perpendicular to a line between the substrate and an ICP source in order 
to control the plasma (see figs. 5, 1 0-1 3, and abstract). In view of this disclosure, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to modify the process of Savas to apply a pulsed magnetic field as taught by 
Lymberopoulos et al. because the pulsed magnetic field can be used to selectively 
control plasma density or to selecfively confine process gas species (see last two lines 
of abstract). 

With respect to processing parameters such as the strength of the magnetic field 
and frequency of the pulses of the magnetic field as well as the synchronizafion of the 
magnetic and antenna pulses, it would have been obvious to one of ordinary skill in the 
art at the fime the invenfion was made to determine through routine experimentation the 
optimum values of these parameters based upon a variety of factors including the 
desired strength of the plasma, and would not lend patentability to the instant 
applicafion absent the showing of unexpected results. 



Claims 44-45, 51 -53, and 59 are rejected under 35 USC 1 03(a) as being 
unpatentable over Koshimizu, U.S. Patent 5,935,373. 
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Koshimizu is applied as above but fails to expressly disclose: 1 ) wherein the 
pulsed radio-frequency power is generated with an ICP coil generator which is pulse- 
operated with a frequency of 10 Hz to 1 MHz and pulse to pause ratio of 1 :1 to 1 :100 2) 
wherein a plasnna power of 300 watts to 5000 watts on the time average is injected into 
the inductively coupled plasma and that the generated individual pulse powers of the 
radio-frequency power pulses are between 300 watts and 20 kilowatts 3) wherein the 
pulse duration of the radio-frequency power injected into the substrate is between one 
to one hundred times, one to ten times in particular, the period of oscillation of the high- 
frequency fundamental component of the radio-frequency power 4) wherein the radio- 
frequency power applies a time-average power of 5 watts to 100 watts to the substrate, 
the maximum power of an individual radio-frequency power pulse being one to twenty 
times, the time average power 5) wherein the frequency of the injected radio-frequency 
power is between 100 kHz to 100 MHz, and that the pulse to pause ratio of the injected 
radio-frequency pulses is between 1:1 and 1:100, and 6) wherein the correlation takes 
place in such a way that during the time of the plasma power pulses injected into the 
plasma via the ICP coil generator and during the time of the pulse pauses between the 
individual plasma power pulses injected into the plasma via the ICP coil generator, at 
least one radio-frequency power pulse injected into the substrate via the substrate 
voltage generator is applied to the substrate in each case. 

With respect to processing parameters such as the particular pulse length, 
power, frequency of the RF waves, and synchronization between the antenna and 
substrate pulses, it would have been obvious to one of ordinary skill in the art at the 
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time the invention was made to determine through routine experimentation the optimum 
values of these parameters based upon a variety of factors including the desired 
strength of the plasma, and would not lend patentability to the instant application absent 
the showing of unexpected results. 

Claim 46 is rejected under 35 USC 103(a) as being unpatentable over 
Koshimizu, U.S. Patent 5,935,373 in view of Koshimizu, U.S. Patent 5,997,687. 

Koshimizu, U.S. Patent 5,935,373 is applied as above but fails to expressly 
disclose wherein the pulsing of the radio-frequency power is accompanied by a change 
of the frequency of the injected radio-frequency power, the frequency change being 
controlled in such a way that the plasma power injected into the inductively coupled 
plasma during the pulsing is maximized. Koshimizu '687 discloses shifting the 
frequency higher during pulse plasma processing to enhance the ignition of the plasma 
(see abstract). In view of this disclosure, it would have been obvious to one of ordinary 
skill in the art at the time the invention was made to modify the process of Koshimizu 
'373 so as to shift the frequency of the pulses higher as suggested by Koshimizu '687 in 
order to improve the ignition of the plasma. 

Claim 60 is rejected under 35 USC 103(a) as being unpatentable over 
Koshimizu, U.S. Patent 5,935,373 in view of Laermer et al., U.S. Patent 5,501,893. 

Koshimizu is applied as above but fails to expressly disclose wherein the etching 
takes place in alternating etching and passivation steps at a process pressure of 5 
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microbars to 100 microbars. Laermer et al. discloses performing alternating etching and 
passivation steps at a process pressure of 10 to 100 microbars (see fig. 1 and col. 4-line 
23 to col. 5-line 65). In view of this disclosure, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to modify the process of 
Koshimizu so as to perform the etching process of Laermer et al. because this is a 
suitable process to be performed in a plasma etching. 

Claims 47-49 and 54-55 are rejected under 35 USC 1 03(a) as being 
unpatentable over Koshimizu, U.S. Patent 5,935,373 in view of Lymberopoulos et al., 
U.S. Patent 6,085,688. 

Koshimizu is applied as above but fails to expressly disclose a pulsed magnetic 
field and the parameters of the magnetic field as claimed along with the applying the 
magnetic field first, before a radio frequency power pulse of the ICP generator, and the 
magnetic field is switched off again after the decay of the radio-frequency power pulse. 

Lymberopoulos et al. discloses applying a pulsed magnetic field in an area of the 
substrate and perpendicular to a line between the substrate and an ICP source in order 
to control the plasma (see figs. 5, 10-13, and abstract). In view of this disclosure, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to modify the process of Koshimizu to apply a pulsed magnetic field as taught by 
Lymberopoulos et al. because the pulsed magnetic field can be used to selectively 
control plasma density or to selectively confine process gas species (see last two lines 
of abstract). 
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With respect to processing parameters such as the strength of the magnetic field 
and frequency of the pulses of the magnetic field as well as the synchronization of the 
magnetic and antenna pulses, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to determine through routine experimentation the 
optimum values of these parameters based upon a variety of factors including the 
desired strength of the plasma, and would not lend patentability to the instant 
application absent the showing of unexpected results. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Luz L. Alejandro whose telephone number is 703-305- 
4545. The examiner can normally be reached on Monday to Thursday from 7:30 to 
6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gregory L. Mills can be reached on 703-308-1633. The fax phone numbers 
for the organization where this application or proceeding is assigned are 703-872-9310 
for regular communications and 703-872-931 1 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-308- 



Conclusion 



0661. 




Luz L.^AIejandro 
Patent Examiner 
Art Unit 1763 



February 24, 2003 



